Radio-loud high-redshift quasars (HRQs), although only a few of them are known to date, are crucial for the studies of the growth of supermassive black holes (SMBHs) and the evolution of active galactic nuclei (AGN) at early cosmological epochs. Radio jets offer direct evidence of SMBHs, and their radio structures can be studied with the highest angular resolution using Very Long Baseline Interferometry (VLBI). Here we report on the observations of three HRQs (J0131−0321, J0906+6930, J1026+2542) at z > 5 using the Korean VLBI Network and VLBI Exploration of Radio Astrometry Arrays (together known as KaVA) with the purpose of studying their pc-scale jet properties. The observations were carried out at 22 and 43 GHz in 2016 January among the first-batch open-use experiments of KaVA. The quasar J0906+6930 was detected at 22 GHz but not at 43 GHz. The other two sources were not detected and upper limits to their compact radio emission are given. Archival VLBI imaging data and single-dish 15-GHz monitoring light curve of J0906+6930 were also acquired as complementary information. J0906+6930 shows a moderate-level variability at 15 GHz. The radio image is characterized by a core-jet structure with a total detectable size of ∼5 pc in projection. The brightness temperature, 1.9 × 10 11 K, indicates relativistic beaming of the jet. The radio properties of J0906+6930 are consistent with a blazar. Follow-up VLBI observations will be helpful for determining its structural variation.
INTRODUCTION
High-redshift quasars (HRQs) are of significant importance to cosmology and galaxy studies as they provide crucial information of the accretion process and growth of supermassive black holes (SMBHs) when they just became active (e.g., Volonteri 2012; Volonteri et al. 2015) , and the evolution and feedback of active galactic nuclei (AGN) in the early Universe (e.g., Fabian 2012; Cano-Díaz et al. 2012) . Since the first extremely high-redshift quasar was discovered at z ∼ 5.8 (Fan et al. 2000) , about 100 quasars have been detected at z > 5.6 with the Sloan Digital Sky Survey (SDSS; York et al. 2000) and many other optical surveys ⋆ Email: antao@shao.ac.cn (Jiang et al. 2015; Bañados et al. 2016; Jiang et al. 2016 , and references therein).
Among the HRQs, the radio-loud subsample constitutes an attractive group since the radio jet is directly related to the SMBH activity and their radio structures can be studied with the highest angular resolution via Very Long Baseline Interferometry (VLBI). Studies of the correlation between the extragalactic jet parameters and redshift offer a unique way of testing cosmological models and understanding the evolution of the Universe. In particular, the compact jets of the HRQs can be used for cosmological tests by studying the apparent angular size-redshift (e.g., Gurvits et al. 1999) , and apparent proper motion-redshift relations (e.g., Kellermann et al. 1999 ). However, the number of currently detected radio counterparts of HRQs is still quite small. About 30 radio-loud AGN have been studied at z > 4.5 (e.g. Romani et al. 2004; Frey et al. 2011 Frey et al. , 2013 Gabányi et al. 2015; Coppejans et al. 2016) . Until now, there are no more than 9 quasars that have been imaged with VLBI on mas scales at redshift z > 5, and only 5 of them have extended (multi-component) radio structures (Coppejans et al. 2016) , including two radio objects at z > 6 (Frey et al. 2008 (Frey et al. , 2011 . Nearly half of the z > 5 HRQs are identified as blazars. The beamed jet emission from blazars makes them more detectable than unbeamed AGN in flux-density-limited radio observations. Volonteri et al. (2011) found an apparent abundance of highly beamed (blazar-type) radio sources over the nonbeamed radio source population at z > 3. Ghisellini & Sbarrato (2016) proposed an obscuring bubble model to explain this discrepancy, where the central region of the AGN is only unobscured when viewed close to the direction of the jet. VLBI studies of the high-redshift radio AGN can be used to derive the jet parameters (e.g., the Doppler boosting factor and Lorentz factor), thus to discern whether the jet properties of HRQs are intrinsically different from those at low redshifts, and to verify the blazar nature of a source by confirming the presence of highly Doppler-boosted radio emission.
In the context of elucidating the most compact jet structure, we observed three high-redshift radio-loud quasars: J0131−0321 (z = 5.18), J0906+6930 (z = 5.47), and J1026+2542 (z = 5.266) at 43 and 22 GHz with a combined VLBI network named KaVA consisting of the Korean VLBI Network (KVN) and VLBI Exploration of Radio Astrometry (VERA) array of Japan. These three sources were selected as they are the brightest in radio among the z > 5 quasars known to date. The observations at 22 and 43 GHz, with the highest resolution of 0.5 milli-arcsecond (mas), allow us to study the most compact structure of these highest-redshift radio AGN at a hitherto unreachable regime of short millimetre wavelengths (in the source's rest frame). Moreover, as mentioned above, the corejet morphology is rarely detected in high-redshift quasars until now, while J0906+6930 and J1026+2542 are the unique two having prominent jet structure (Romani et al. 2004; Frey et al. 2015) . VLBI data at a new epoch are an important supplement for exploring their (possible) jet proper motion, or offer a crucial reference point for follow-up VLBI imaging for proper motion measurement in the future. In the present paper, archival VLBI data and singledish radio light curve of J0906+6930 are also used for a comprehensive study of the source properties. Section 2 gives the description of the KaVA observations and data analysis. In Section 3, the KaVA observational results are presented. Section 4 discusses the radio properties of J0906+6930, and a summary is given in Section 5. Throughout this paper, we use the following cosmological parameters: Ω m = 0.27, Ω Λ = 0.73, H 0 =70 km s −1 Mpc −1 (Komatsu et al. 2011) . At this distance, 1 mas angular size corresponds to a projected size of 6.2 pc.
OBSERVATIONS AND DATA REDUCTION
The Korean VLBI Network (KVN; Minh et al. 2003 ) is the first VLBI array dedicated to the mm-wavelength radio observations in East Asia. KVN consists of three 21-m-diameter radio telescopes (in Seoul, Ulsan, and Jeju Island, Korea), and is operated by the Korea Astronomy and Space Science Institute (KASI). KVN supports simultaneous observations in four receiver bands at 22, 43, 86 and 129 GHz (Han et al. 2013 ). The VLBI Exploration of Radio Astrometry (VERA; Kobayashi et al. 2003) array is a Japanese VLBI array which is dedicated to high-precision VLBI astrome- try, and is operated by the National Astronomical Observatory of Japan (NAOJ). The VERA consists of four 20-m-diameter radio telescopes located at Mizusawa, Iriki, Ogasawara, and Ishigakijima in Japan. VERA telescopes operate with dual-beam system enabling phase-referencing VLBI observations at 22/43 GHz. In recent years, the combined KVN and VERA Array, called KaVA, is in operation since 2013. The KaVA consists of seven radio telescopes, and has a remarkably good (u, v) coverage on both short and long baselines, which is important for imaging extended AGN jet structure (Niinuma et al. 2015) . Our KaVA observations were carried out in 2016 January as one of the first-batch open-use experiments of KaVA, thus can also be used to test the high-resolution imaging capability of KaVA. This project is one of the first applications of KaVA for imaging studies of quasars. The observations were performed on two consecutive days (2016 January 14 and 15) but divided into three segments (project codes: k15ta01a, k15ta01b, k15ta01c) for scheduling convenience (Table 1 ). All seven telescopes participated in these experiments. At some periods of time during the observations, certain individual antennas showed abnormally high system temperatures due to bad weather. The affected data were thus deleted in the subsequent analysis. The observations lasted for a total of 19 h. J0131−0321 was observed for 4 h at both frequencies. J1026+2542 and J0906+6930 were observed for 2 h at each frequency, respectively. The data were recorded in 16 intermediate frequency channels (IFs) in left circular polarization, resulting in a total bandwidth of 256 MHz and a sampling rate of 1024 Mbit s −1 . The correlation was carried out in the Korea-Japan Correlation Center (KJCC) at Daejeon, Korea , with an integration time of 1.63 s. Except for one scan on a bright quasar NRAO 150 for the purpose of fringe finding at the beginning of each subsession, most of the remaining time was spent on the target sources.
The correlated visibility data were imported into the NRAO Astronomical Image Processing System (AIPS) software package (Greisen 2003) in which the visibility amplitudes were calibrated using the system temperatures and antenna gains acquired by the stations. An amplitude calibration uncertainty of 15 per cent is estimated for the KaVA data (see details in Niinuma et al. 2014) . Autocorrelation measurements were used to correct the crosscorrelated visibility amplitudes. Note that for KaVA observations, a special amplitude correction factor of 1.3 is needed, as suggested by Lee et al. (2015) . The subsequent data reduction in AIPS followed the standard procedure described in Lee et al. (2015) . The visibilities of the target sources were used to conduct fringe fitting with a solution interval of 2 min. In most of the observing time, the visibility phases show large scatter due to rapid tropospheric fluctuations. As a result, the signal-to-noise ratios (SNR) of the fringe-fitting solutions were mostly below 3. We could only find faint fringes in half of the 22-GHz data for the source J0906+6930. The 43-GHz data were too noisy to get clear fringes. The remaining two sources failed to show fringes either. We then imaged J0906+6930 at 22 GHz in the Caltech Difmap package (Shepherd et al. 1994 ). As J0906+6930 is relatively weak, its total flux density measured with the Very Large Array (VLA) by Romani (2006) is ∼80 mJy, and the source was marginally detected on KaVA baselines at 22 GHz, no self-calibration was attempted as it might introduce a spurious source at the phase center or increase the flux density abnormally (Martí-Vidal & Marcaide 2008). Therefore we only performed CLEANing in order to reduce the image noise. In order to supplement the new KaVA data, we also reanalyzed archival Very Long Baseline Array (VLBA) data of J0906+6930 taken at 8.4 GHz (project code: BC196) and at 15 GHz (project codes: BR093, BG154). March experiment. The data analysis followed the standard VLBA data reduction procedure (Diamond 1995) . After calibration, we combined the three 15-GHz datasets in AIPS to make a final image. The combined data set has a nearly circular (u,v) coverage and enables us to obtain the image shown in Fig. 1 -c.
RESULTS AND COMMENTS ON INDIVIDUAL SOURCES

J0906+6930
J0906+6930 (also known as CGRaBS J0906+6930) was discovered as a high-redshift quasar from its optical spectroscopy by Romani et al. (2004) . The redshift of z = 5.47 made the source the most distant blazar known at that time. It is also the most radioluminous quasar at z > 5 (radio loudness S 5GHz /S 0.44µm,rest ∼ 10 3 : Romani et al. 2004 ). The source was detected in X-rays with the Chandra (Romani 2006) and Swift satellites (Evans et al. 2014) . It was once suggested to be a promising γ-ray candidate source, however has not been detected by Fermi so far.
The first VLBI image made with the VLBA by Romani et al. (2004) at 15 GHz shows a compact core-jet structure extending to the southwest. The flux densities of the core and jet components are 115 ± 0.3 mJy and 6.3 ± 0.4 mJy, respectively. The separation between them is less than 1 mas. At 43 GHz, the compact core is detected with a flux density of 42 ± 1.9 mJy, but the weak jet was only marginally detected with a flux density of 4.1 ± 1.1 mJy (about 3.7 times the rms noise in the image). We re-analyzed three epochs of archival VLBA 15-GHz data. The observational information is summarized in Table 3 . Figure 1 shows the emission structure of the source obtained from the KaVA and VLBA data. The KaVA image shown in Figure 1-a only reveals a single unresolved core. A circular Gaussian brightness distribution model was used to fit the visibilities in Difmap by using the task modelfit. The derived core flux density is 74 ± 11 mJy, and the full-width-at-half-maximum (FWHM) size is 0.33 mas. The size is the same as obtained from 8-GHz VLBA data (Table 4) , but larger than the values from 15-GHz VLBA data, reflecting the fact that the core is not resolved by KaVA at 22 GHz, thus the measured core size is regarded as an upper limit. The KaVA flux density is consistent with the interpolated value from the VLBA 15-and 43-GHz data. In the VLBA image (Figure 1-b) , the jet extends in the southwestern direction in which the KaVA beam is more elongated and thus provides poorer resolution. Moreover, the jet flux density is at most 5 mJy at 22 GHz, as estimated from the 15-GHz flux density and its steep-spectrum nature. The expected jet emission is thus below 5 times of the KaVA image noise. The lower resolution of the KaVA image (1.9 mas × 0.9 mas) also works against detecting the expected jet extension at a separation of 1 mas. The jet extends to southwest up to a distance of about 1 mas. The jet peak is at about 0.7 mas southwest from the core. Two circular Gaussian brightness distribution models were used to fit the visibilities. The fitted parameters from all VLBI data are shown in Table 4 . The core flux densities show good consistency at three epochs, indicating that there is no significant variability from 2004 to 2005. The jet flux densities show some difference, which could be related to the slightly different sensitivity and (u, v) sampling of individual datasets. We note that our fit for the 2004 data gives the core flux density of 132 ± 9 mJy, which is 17 mJy higher than the value obtained by Romani et al. (2004) , but still within 2σ uncertainty.
As discussed below and illustrated by Table 5 , the source appeared to be in a quiescent state during the three epochs of the available VLBA 15 GHz data. These observations were conducted with nearly similar frequency setups allowing us to neglect possible frequency gradient in the source structure. VLBA images obtained in these three epochs do not show any profound structural features beyond strongly dominant core component. Finally, the time spread in the source's rest frame is (1 + z) times shorter than at the observer's end, thus decreasing the time spread between the three epochs to just about two months. With all these in mind, we combined the three VLBA data sets for enhanced imaging. Indeed, the combined data have better (u, v) coverage in both north-south and east-west directions than that presented in Romani et al. (2004) , allowing us to restore the combined VLBA image with a high-resolution 0.6-mas circular beam (Figure 1-c) . Benefiting from the good (u, v) coverage, high sensitivity and high resolution of the combined 15-GHz VLBA image, we detected a weak feature S at about 1.5 mas south of the core, which was not seen previously. In order to verify the new feature S, we separately created the VLBA image from the 2015 March 22 dataset which has a good (u,v) coverage in northsouth direction, and also found S at the similar position although with a relatively lower signal-to-noise ratio when restoring the images with a 0.6 mas × 0.6 mas beam. The component S implies that the jet may have a sharp bending from the southwest to the south. Further high-sensitivity high-resolution images are needed to confirm this feature.
We checked the previously published VLA data on this source and found that they show good consistency with the VLBA data (Table 5 ). This suggests that there is no significant extended emission on arcsec scale. The 22-GHz flux density decreases from 2005 March to 2016 January, as seen from the KaVA and VLA data. These indicate either a slow variability over a time scale of years or a fraction of extended emission which is detected by the VLA but resolved by the VLBI.
At 43 GHz, we did not detect clear fringes for J0906+6930 with KaVA. Therefore we can only set an upper limit of 57 mJy (3σ) for the flux density, which is consistent with the VLBA value reported by Romani et al. (2004) . Similarly to the 15-GHz data, the 43-GHz VLBA and VLA flux densities show good agreement, supporting that there is no appreciable variability between epochs 2004 and 2005.
J0131−0321
It was first discovered as a high-redshift quasar (z = 5.18 ± 0.01, SDSS J013127.34−032100.1) with the Lijiang 2.4 m and Magellan telescopes and identified as a radio-loud one (Yi et al. 2014) . The source was claimed as a blazar based on Swift observations by Ghisellini et al. (2015) . This classification was further strengthened by the inferred high brightness temperature from the European VLBI Network (EVN) observation at 1.7 GHz made by Gabányi et al. (2015) . This source was not detected in our KaVA experiment at 22 and 43 GHz. Note that the flux density at 1.7 GHz is 60 mJy, if the source has a flat or steep spectrum, the expected flux density at 22 GHz is 60 mJy, which is roughly the detection limit of the present 22 GHz KaVA data. There is also evidence for flux density variability (Gabányi et al. 2015) . The 3-σ upper limits for the flux densities in the compact radio structure derived from our KaVA non-detections are given in Table 2 . 
J1026+2542
The source is also known as SDSS J102623.61+254259.5 and reported as a radio-loud AGN at z = 5.266 (Ahn et al. 2012) . It was assumed to be a blazar based on its strong and hard X-ray spectrum measured by Swift and the Nuclear Spectroscopic Telescope Array (NuSTAR) (Sbarrato et al. 2012 (Sbarrato et al. , 2013 . The VLBI observations at 1.7 and 5 GHz show a prominent jet extending to a distance of ∼40 mas (corresponding to a projected linear size of ∼250 pc) (Helmboldt et al. 2007; Frey et al. 2013 Frey et al. , 2015 . It is the first high-redshift (z > 5) quasar with measured apparent jet component proper motions which exceed 10 c . The radio spectrum index is α = −0.4 (Frey et al. 2013; Coppejans et al. 2017) and further steepens at frequencies above ∼30 GHz (α = −0.7, Sbarrato et al. 2013) . The core flux density at 5 GHz is ∼20 mJy, resulting in an extrapolated flux density of ∼8 mJy at 22 GHz and ∼4 mJy at 43 GHz, respectively. This source was not detected in our KaVA observations because of the insufficient sensitivity.
RADIO PROPERTIES OF J0906+6930
Brightness temperature and Doppler boosting factor
High apparent brightness temperature (T b ) is an indicator of Doppler boosting of the relativistic jet in blazars (Pauliny-Toth & Kellermann 1966) . The maximum brightness temperature of an AGN core is constrained by the inverse Compton cooling to about 10 11 K (Kellermann & Pauliny-Toth 1969) for incoherent synchrotron emission by relativistic electrons when relativistic beaming is not taken into account. A lower value of ∼ 5 × 10 10 K is derived if the particle energy density is in equipartition with the magnetic field (Readhead 1994) . Observations of brightness temperatures higher than the equipartition T b value are usually attributed to relativistic beaming. VLBI observations of a large AGN sample led to an intrinsic T b,int ∼ 2× 10 11 K in the maximum brightness state (Homan et al. 2006) , exceeding the equipartition value. Even higher brightness temperature of T b > 10 13 K was detected in AO 0235+164 from the VLBI Space Observatory Programme (VSOP) observation (Frey et al. 2006 ) and in two archety- pal blazars, 3C 273 (Kovalev et al. 2016 ) and BL Lac (Gómez et al. 2016 ) from the latest RadioAstron observations.
For the quasar J0906+6930, we calculated brightness temperature based on the KaVA and VLBA data (Table 4) . Because there are large fluctuations of the visibility amplitudes measured on the longest KaVA baselines, and the core is not resolved at the resolution of 1.9 mas × 0.9 mas, our size estimate obtained with Gaussian model fitting is taken as an upper limit and thus the lower limit of brightness temperature is set as
where S is the flux density in Jy, θ the FWHM of the circular Gaussian component in mas, z the redshift, and ν the observing frequency in GHz. The resulting brightness temperature is > 1.2×10 10 K. The brightness temperature was also calculated using the VLBA data in the same way. The analysis of the 8.4-GHz data gave a higher value than that based on the KaVA data, T b ∼ 1.8 × 10 11 K. Three epochs of 15-GHz VLBA data obtained in 2004 and 2005 led to the estimates of T b between (1.4-2.6) × 10 11 K. These values are comparable to the inverse Compton limit. The determined brightness temperatures indicate that the radio jet emission is beamed toward the observer. The Doppler boosting factor, δ = T b /T b,int , is about 4, assuming that the intrinsic T b,int is close to the equipartition value. In general, blazars have strongly beamed jet, high Doppler factor, and high brightness temperature. A study of a sample of the 173 brightest blazars shows that about one half of the sources have T b > 10 12 K, and the mean brightness temperature is 10 12.0±0.8 K (Lister et al. 2011 ). The T b of J0906+6930 places it at the low-end tail of the brightness temperature distribution, but it is still consistent with the general properties of these blazars.
Spectrum and source classification
Romani (2006) observed the source with the VLA simultaneously at six frequencies from 1.4 to 43 GHz. They derived a spectrum with a changing slope: the lower-frequency section showed a flat or slightly rising spectrum with a spectral index of α 8.4
1.4 = 0.21 ± 0.04, and the higher-frequency section showed a steep spectrum with α 43 15 = −1.00 ± 0.02. The extrapolations of two sections intersect at around 10 GHz (Figure 2 ), corresponding to ∼65 GHz in the source rest frame. The radio properties, e.g., compact single-sided jet structure, flat radio spectrum at GHz frequencies (in observer's frame) and high brightness temperature, are consistent with that the relativistic jet is beamed toward the observer. If it is indeed a flatspectrum radio-loud quasar, the spectrum break at ∼65 GHz could be due to synchrotron ageing. The fit of multi-wavelength spectral energy distribution (SED) of J0906+6930 shows a bright X-ray Compton component, in agreement with a blazar identification of this source (Romani et al. 2004; Romani 2006) . However the expected γ-ray emission was not detected by Fermi so far. Coppejans et al. (2017) collected available flux density data of J0906+6930 from the literature from 148 MHz to 43 GHz, and the authors found that the flux densities at 148 and 325 MHz are far below the extrapolation of the flat-spectrum section to the low frequency end, implying there is significant absorption at the low frequencies with a turnover at about 0.45 GHz (∼3 GHz in the source rest frame). Low-frequency spectral turnover in AGN core might result from free-free absorption by ionized gas in the host galaxies; that usually happens at hundreds of MHz (e.g., An et al. 2005) . The turnover at about 3 GHz due to free-free absorption in J0906+6930 cannot be ruled out at least due to the higher co-moving density of the interstellar medium that scales up proportionally to (1 + z 3 ). On the other hand, Coppejans et al. (2017) used a log parabola function to fit a convex radio spectrum with a peak frequency of 6.4 ± 0.8 GHz, which corresponds to 41.4 ± 5.2 GHz in the source rest frame (with the uncertainty likely underestimated). Highfrequency peaked spectrum is often found in young radio galaxies and quasars, i.e., gigahertz peaked-spectrum (GPS) sources (e.g., O'Dea et al. 1991; O'Dea 1998) and high-frequency peakers (HFPs; e.g. Dallacasa et al. 2000; Dallacasa 2003) . The compact source structure (a projected size of ∼5 pc), and peaked overall radio spectrum in J0906+6930 seem to be consistent with the properties of HFPs. The peak frequency is correlated with source size (Fanti 2009 ); assuming a self-similar evolution of the extragalactic sources (e.g., Begelman 1996; Kaiser & Alexander 1997; An & Baan 2012) , the "peak frequency-source size" relation is converted to an observed anti-correlation between the rest-frame peak frequency and linear size (or age). The peak frequency of ∼40 GHz of J0906+6930 is by far the highest value. If it is indeed due to synchrotron self-absorption in a similar way with HFP sources, it suggests that J0906+6930 could be a newly-born radio AGN at an early cosmological epoch at z = 5.47, corresponding to 15 per cent of the present age of the Universe. Such a very young radio source which started its prominent radio activity in the recent past, likely within less than a few hundred years (measured in its rest frame) offers an excellent laboratory for studying radio AGN activity at their youngest age in the very early Universe.
More stringent constraints to the spectral fit and the peak frequency determination can be obtained by adding low-frequency measurements below 1 GHz with interferometers such as the LowFrequency Array (LOFAR) and the Giant Metrewave Radio Telescope (GMRT). Following-up VLBI observations at multiple frequencies are also important for tracing the radio spectrum evolution to confirm or exclude its classification of a young radio quasar (e.g. Orienti et al. 2007; Orienti & Dallacasa 2008 ). 
Variability
where S min and S max are the minimum and maximum flux densities, respectively. The derived variability index for J0906+6930, V = 0.3, is significantly lower than that of blazars (e.g., Hovatta et al. 2008 ). However, we should mention that the 7-year total flux density monitoring period corresponds to a period shorter by a factor of (1 + z), i.e., just over 1 year, in the rest frame because of the cosmological time dilation. We note that the source flux density was close to its minimum at the time of our KaVA observations in 2016 January, contributing to the difficulty of the detection. Table 5 lists interferometric measurements of the flux densities collected from the literature and the present work. The core flux densities obtained from the VLA and VLBA at the same frequencies (15 and 43 GHz), though they were not measured at the same epochs, show good consistency. This indicates that the compact core dominates the total flux density, and that the source did not have significant variability from 2004 February to 2005 March, as is also suggested by the slowly-varying 15-GHz light curve in Fig. 3 . The KaVA flux density is also consistent with the VLA value at 22 GHz within the uncertainties, implying no significant difference between the two widely-spaced epochs of 2005 March 4 and 2016 January 14. The 8.4-GHz flux density observed with the VLBA on 2011 June 3 is not much different from the VLA measurement on 2005 March 4 either. All these pieces of evidence lead us to conclude that the compact radio structure does not have violent flux density variability.
The 43-GHz observations made by the KVN in 2011 December in the QCAL-1 observing campaign inferred a flux density of 108 ± 13 mJy (Petrov et al. 2012) , which is 2.5 times higher than the values in 2004 and 2005 (Table 5) . We mention that, at least at 15 GHz, the radio flux density of the source was at its maximum at the end of 2011 (Fig. 3) when the QCAL-1 campaign was carried out. The ratio of the maximum to minimum flux densities at 15 GHz is about 2, similar to the factor of 2.5 at 43 GHz. Therefore it could be that the source was at a quiescent state in 2004 and 2005, while it flared at the end of 2011.
For a Doppler factor δ ∼ 4, the time elapsed in the source frame is δ/(1 + z) ∼ 0.62 times that in the observer frame ∆t ∼ 4.3 yr corresponding to a compact region of size c∆t ∼ 1.3 pc. If this region is along the jet axis at kpc-scale distances from the BH, it can correspond to a typical timescale over which radiation pressure due to AGN activity balances or alters the large-scale accretion (e.g. Pacucci et al. 2017) as the radius at which the SMBH has a gravitational influence on the accreting gas, roughly given by the Bondi radius (e.g. Frank et al. 2002 ) R B = GM • /c 2 s ∼ 260 kpc for a central SMBH mass of 3× 10 9 M ⊙ (Ghisellini et al. 2015) and fiducial local sound speed of 10 km s −1 for a gas at 10 4 K. This will be accompanied by a slow variability. On the other hand, if this region is at pc scales, the plausible sequence of events involves the brightening of the radio core due to a shock propagating outward accompanied by the possible ejection of a jet component (e.g. Marscher et al. 2010) . In this case, variability will be slow if the shock propagates slowly owing to low injection rate into the jet or rapid interaction of the jet with the surrounding interstellar medium and the morphology will be compact when observed in snapshots. Such a scenario is expected in the case of young AGN with low brightness temperatures and consequent low Doppler factors which in addition is diffuse in gamma-ray emission as in the case of 3C 286 ). It is thus essential for additional observations to distinguish between these distinct scenarios.
SUMMARY
Three radio-loud quasars at the highest redshifts (z > 5) were observed with the KVN and VERA Array (KaVA) at 22 and 43 GHz, to demonstrate its capability to image extragalactic radio sources. J0906+6930 was detected at 22 GHz, and the image shows an unresolved core. This object was not detected at 43 GHz, like two other sources (J0131−0321 and J1026+2542) at either 22 and 43 GHz, because of the insufficient sensitivity of the present observations and the low flux density resulting from the steep spectrum of the core. Four epochs of archival VLBA data of J0906+6930, three at 15 GHz and one at 8.4 GHz, were also imaged and reanalyzed. Owing to the good (u, v) coverage and long integration time, the new images are superior to the previously published one, and have higher sensitivity and higher resolution. A new feature is detected to the south of the core, likely implying a sharp jet bending from southwest to south. The compact source structure, the flat spectrum at tens GHz frequencies (in source rest frame) and the high brightness temperature of the core reinforce that J0906+6930 is a blazar and the jet is beamed toward the observer. As extended jets are rarely detected in z 5 blazars so far, J0906+6930 holds strong potential for follow-up VLBI imaging to detect proper motion in this extremely high-z quasar. For the first time, long-term single-dish monitoring light curve was presented for such a high-z radio-loud quasar. The variability might be related to the processes in the jet. So far, little information is available on the long-term morphological and flux density behaviour of these distant sources. Followup and monitoring observations are essential to better understand the cosmological evolution of galaxies, AGN activity triggers, and to populate the angular size-redshift and proper motion-redshift relations with measured data for tests of cosmological expansion. Elucidating the role of extremely high-redshift sources in the luminosity function is useful for future observations and surveys, and for understanding their relation to radio-loud AGN in the nearby universe.
